ABSTRACT A topical (micro-droplet) bioassay is described for the cat ßea, Ctenocephalides felis (Bouché ). Key parameters are the short carbon dioxide anesthetization and the use of 0.1 ml of acetone per ßea. The method was used to compare the effectiveness of 13 insecticides. LD 95 values in nanograms per ßea were nitenpyram 0.68, Þpronil 0.69, deltamethrin 0.70, imidacloprid 0.81, cypermethrin 5.4, fenthion 8.0, diazinon 12, permethrin 19, malathion 29, bendiocarb 170, DDT 710, propoxur 1,300, carbaryl Ͼ10,000. Experiments repeated 2Ð5 yr later, with Þve of the chemicals, in a different facility, showed only small shifts in potency (0.38-to twofold of the original LD 50 values).
VARIOUS STUDIES ON the efÞcacy of insecticides against the cat ßea, Ctenocephalides felis (Bouché ), used contact between the insects and deposits of chemicals. Deposits on Þlter paper from acetone solutions were used by El-Gazzar et al. 1986 , Lemke et al. 1989 , Kobayashi et al. 1994 , and Moyses 1995 . These tests were based on a method Þrst used by Burden and Smittle (1968) for the rat ßea Xenopsylla cheopis. An oil-Þlm deposit on Þlter paper is used in the WHO resistance test kit (Fox et al. 1968 , WHO 1970 , Kilonzo and Gisakanyi 1988 . Glass has also been used as a substrate (Schwinghammer et al. 1985, Collart and Hink 1986) . Busvine (1971) stated that "the relationship between the insecticide deposit and amount contaminating the insect can be quite complex, so that one cannot assume the dose to be a simple function of the rate of deposit." Georghiou and Gidden (1965) have considered in detail the problem of using dry rather than oil-deposits in the case of mosquitoes. They found that, in general, a larger number of replications were needed in the dry residue tests. They also suggest the use of glass Þlter papers. Rust (1993) pointed out some of the sources of variance in the treated Þlter paper method for cat ßeas. These include relative humidity and solvent used. Bossard (1997) , in an attempt to develop a standard test, showed that the results obtained with three different substratesÑ glass, cellulose Þlter-paper, and nylon fabricÑwere often unreliable. His review of insecticide resistance in cat ßeas (Bossard et al. 1998 ) describes how different factors affect results of efÞcacy bioassays and, in turn, affect statements on resistance.
If a dose is to be applied to an insect, this can be done directly in a droplet of solvent. The WHO reference mentioned above includes oil-Þlm deposits on cellulose Þlter paper for ßeas, mosquitoes, bed bugs, and reduvids, but topical application for houseßy, tsetse ßy, stableßy, blow ßies, and various tick species.
Is topical application also a useful method for cat ßea studies? The objective of this study is to obtain efÞ-cacy data for various insecticides against the cat ßea, independent of a substrate. This should lead to a consideration of the topical application method as one of the alternatives for insecticide efÞcacy measurements against the cat ßea.
Materials and Methods
The laboratory strain of cat ßea had originally been collected in Copenhagen, Denmark, in 1981 and is still maintained at the Danish Pest Infestation Laboratory as strain 02. It was considered to have normal susceptibility (Olsen 1993) . Adult ßeas were transferred to Switzerland in 1984 and onto an artiÞcial feeding system in December 1990.
The artiÞcial feeding system, for the adults, contains cattle blood and is based on that of Wade and Georgi (1988) . Eggs are transferred to standard rearing medium that is stored at 28ЊC and 80% RH. Cocoons were sieved out of the rearing medium and stored under the same conditions in tissue culture ßasks.
Technical grade insecticides were used. The chemical samples were obtained from the following commercial sources or resynthezised in-house at Novartis, Basel, Switzerland, for research purposes: bendiocarb (Cambridge Animal and Public Health, Cambridge, UK); malathion (Riedel de Haen Laborchemikalien, Seelze, Germany); permethrin (Dr. Ehrenstorfer GmbH, Augsburg, Germany); carbaryl, cypermethrin, deltamethrin, diazinon, DDT, fenthion, Þpronil, imidacloprid, nitenpyram, propoxur (in-house).
Acetone was used as the solvent (Kocher and Ascher 1954) . The topical application test involved treatment of individual unsexed ßeas with 0.1 l acetone solution of the technical material. A Hamilton microapplicator (MICROLAB 500, Hamilton Bonaduz AG, Bonaduz, Switzerland) with a Teßon application tube (bore 0.3 mm) was used to accurately deliver this volume. Doses down to a fraction of a nanogram (ng ϭ 1 ϫ 10 Ϫ9 g) were used. Preliminary, range Þnding experiments were needed to deÞne the level of activity for each chemical. The highest concentration used was 10% wt:vol in acetone (10,000 ng/insect). Baselines were established using logarithmic dose intervals within the appropriate range (10 Ð90% mortality). Once adults emerged in large numbers, and males and females were present (18 Ð20 d after oviposition), the contents of the rearing ßasks were emptied into a 65-ml plastic beaker (3.7 cm high) inside a larger "arena," consisting of a 7-liter glass beaker (35 cm high). Active adults jumped out of the plastic beaker and were collected with an aspirator and placed into a test tube, in sets of 10. A plastic petri dish Þtted with an inlet for carbon dioxide and a 10-mm-diameter hole in the lid served as a platform for the application. The adult ßeas were transferred from the test tube to the gauze-covered aperture through which carbon dioxide ßows (at Ϸ1 liter/min). The insects were thereby anesthetized before they could position themselves to jump. They were never held under anesthetization for more than 3 min.
Treatments were made with the aid of a dissecting microscope. Care was taken to see that inaccuracies caused by acetone evaporation before treatment were kept to a minimum. The liquid droplet was "stroked" onto the insect to overcome the surface tension of the liquid. The application was made at the lateral thorax.
The acetone spread rapidly around the insect before it evaporated. Immediately after treatment the insects were transferred to test tubes. These contained a vertical strip of Þlter paper, tapered at the lower end so as to Þt into the base of the test tubes.
The test tubes were capped with perforated ParaÞlm and held at 22ЊC and 55% RH. Active ßeas crawled or rested on the Þlter paper. Mortality counts were made after 24 h holding period. Insects laying in the bottom of the test tube and unable to climb back on the Þlter paper were counted as dead. Normally six to eight replicates were made for each chemical. This gave adequate data for probit analysis. Exceptions were permethrin 1995 (three replicates) and nitenpyram 1995 (12 replicates); and in the Þnal check, in the year 2000, only two replicates were made. The total number of ßeas used in each case is given in Tables 1 and 2 .
Statistical Analysis. Dosage-mortality lines were analyzed using SAS (1989) Probit Analysis. The 95% conÞdence intervals (CI) of the LD 50s and LD 95s were used to measure differences between test series.
Results
All the insecticides could be dissolved in acetone. Out of 1,330 ßeas in control units, anesthetized with carbon dioxide and treated with 0.1 l acetone alone, only 22 (1.7%) were dead 24 h after treatment. Baselines were established for 13 insecticides in 1995Ð1996. The LD 50 s and LD 95 s with conÞdence intervals were obtained for all chemicals 24 h after application, with the exception of carbaryl. In spring 1998 the laboratory was relocated to new facilities. In the old location the experiments were maintained at natural daylight-night cycles in a fully air-conditioned laboratory with controlled temperature and humidity. In the new location the tests were kept in an incubator set at 22ЊC and 55% humidity, with an artiÞcial light source and a photoperiod of 12:12 (L:D) h. Five insecticides were retested in 1998 and again in 2000. The standard error of the slope showed no signiÞcant difference between the test series. There were statistically signiÞcant shifts in potency.
The potency ratio (obtained by dividing LD 50 values measured in 1995/1996 by new values from 1998 or 2000) showed, however, a maximal difference of 0.38 for permethrin (Table 3) .
Discussion
In preliminary experiments, steep regression lines (and narrow conÞdence limits) were obtained for a number of insecticides (Moyses and Gfeller 1996) , indicating that this was an accurate and sensitive test method. Tests have been extended and some of the early tests repeated giving the comparison of 13 insecticides (Table 1 ). The handling procedure alone did not affect the insects. Four chemicalsÑniten-pyram, Þpronil, deltamethrin and imidaclopridÑwere effective at Ͻ1 ng per insect. If the compounds can be applied exactly where they are needed the doses needed in practice are therefore minuscule. The poor results and low slope values with some compounds, especially carbaryl, might indicate the presence of resistant individuals. Similar tests in other laboratories could help clarify this. Repeat tests, with Þve chemicals, after a move of our facility, showed no change in slopes and only, small changes in potency. Shifts in diazinon potency were less than twofold. Earlier contact tests with diazinon over a period of 6 yr (Moyses 1995) showed an irregular variance of sevenfold, even when results were pooled for 3-mo periods. This suggests that the topical test is more reliable.
Different bioassay methods produce different results. The clearest advantage of the topical method is that the doses are independent of insect activity. A disadvantage is that this method may overcome penetration barriers. It is also tedious and requires manual dexterity. Bioassays performed under conditions that simulate management applications are also needed; however, formulated products should be used (Olsen 1993) . On-host applications present a special challenge because instead of a household surface the "substrate" is a living organism. There are various possible interactions with the host. Accurate laboratory bioassays are nevertheless needed and topical application should be considered as a possible method when designing efÞcacy tests involving the cat ßea. 
